Membrane interaction of neuropeptide Y detected by EPR and NMR spectroscopy.
Neuropeptide Y (NPY) is one of the most abundant peptides in the central nervous system of mammals. It belongs to the best-conserved peptides in nature, i.e., the amino acid sequences of even evolutionary widely separated species are very similar to each other. Using porcine NPY, which differs from human NPY only at position 17 (a leucine residue exchanged for a methionine), labeled with a TOAC spin probe at the 2nd, 32nd, or 34th positions of the peptide backbone, the membrane binding and penetration of NPY was determined using EPR and NMR spectroscopy. The vesicular membranes were composed of phosphatidylcholine and phosphatidylserine at varying mixing ratios. From the analysis of the EPR line shapes, the spectral contributions of free, dimerized, and membrane bound NPY could be separated. This analysis was further supported by quenching experiments, which selected the contributions of the bound NPY fraction. The results of this study give rise to a model where the alpha-helical part of NPY (amino acids 13-36) penetrates the membrane interface. The unstructured N-terminal part (amino acids 1-12) extends into the aqueous phase with occasional contacts with the lipid headgroup region. Besides the mixing ratio of zwitterionic and negatively charged phospholipid species, the electrostatic peptide membrane interactions are influenced by the pH value, which determines the net charge of the peptide resulting in a modified membrane binding affinity. The results of these variations indicate that NPY binding to phospholipid membranes depends strongly on the electrostatic interactions. An estimation of the transfer energy of the peptide from aqueous solution to the membrane interface DeltaG supports the preferential interaction of NPY with negatively charged membranes.